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Current Emergency Locator Transmitter (ELT)
Deficiencies and Potential Improvements
Utilizing TSO-C91a ELTs

I. INTRODUCTION

e The Interagency Committee for Search and Rescue (ICSAR) and the
Search and Rescue (SAR) community has long been aware of the
current Emergency Locator Transmitter (ELT) problems.

* In a letter to the Federal Aviation Administration (FAA), ICSAR stated
the problem as a 2/3 failure rate and 97% false alarm rate.

The Emergency Locator Transmitter (ELT) has proven to be an effective life saving
device for the aviation community; however, two problems have plagued its operational
effectiveness since its inception. First, ELTs often fail to operate when involved in an
aircraft accident and second, they often operate when they are not supposed to, creating
false alarms. The impact of these two problems is far reaching. Its failure to operate when
it should causes lives to be lost unnecessarily which in turn erodes public confidence in the
system as a life saving device. Its tendency to transmit false alarms has also created a "cry
wolf” syndrome. Aircraft owners resent having to install and maintain a device which is
not reliable and the rescue community is forced to deal with hundreds of false alarms
annually.

* Congress, in a 1986 appropriations bill, requested the National
Aeronautics and Space Administration (NASA) to assist the FAA in the
implementation of a second generation ELT.

Recognizing the need to improve ELT performance, Congress in 1986 (Department of
Housing and Urban Development-Independent Agencies Appropriation Bill) urged that
improvements be addressed (Attachment 1). The bill stated, "It is not satisfactory that units
with a false alarm rate of over 97% and a non-activation rate of 70% continue to be
mandated by the federal government when an improved technical standard has been
developed and can be provided for effective satellite monitoring. It is recognized that
NASA cannot initiate the necessary administrative action to mandate improved transmitters,
but as the developer of the satellite system, NASA should urge the FAA to proceed and
should make available technical expertise to support any FAA initiative in this area."



+ Objectives of NASA Analysis:
- Validate the problem
- Document the specific causes of the problem
. Estimate improvements from C9la
- Estimate the benefits
- Determine the need for and benefits from an improved inspection
and maintenance program.

NASA, in response to the Congressional report, offered assistance to the FAA, which
was in the process of developing a Notice of Proposed Rule Making (NPRM) concerning
ELT improvements. Although everyone recognized that problems existed with the current
ELTs in the field, quantification of the problems was lacking. Recognizing that specific
data would be necessary to support their rule making effort, the FAA, in response to the
NASA offer of assistance, asked that NASA conduct an analysis of ELT problems. The
scope of the analysis included validation of the problem, quantification of the specific
causes of the ELT's failure to operate when it should, causes of false alarms, an estimate of
the improvement in performance to be expected from implementation of TSO-C91a (DO-
183) and the benefits to be derived as well as the need for an improved inspection and
maintenance program. The data used in the analysis is contained in Appendix A.



II. VALIDATION OF FAILURE RATES AND
IDENTIFICATION OF SPECIFIC CAUSES

A. Validation of Failure Rate from NTSB Data Analysis

* Both the National Transportation Safety Board (NTSB) Annual
Reviews of Aircraft Accident Data for General Aviation and the Air
Force Rescue Coordination Center (AFRCC) Annual Reports
substantiate, what was generally believed, that approximately 75%
of all ELTs involved in general aviation accidents do not operate.

Data from the NTSB data base that originated from the "Factual Report Aviation
Accident/Incident” (NTSB Form 6120.4) for calendar years 1983 through 1987 were
analyzed. Of the 12,744 accident reports during this period, only 3270 contained
information concerning the ELT. In these 3,270 accident reports that included ELT data,
the ELTs operated 819 (25%) times and did not operate 2,451 (75%) times. (See Table ).

Table 1
NTSB Data from 1983 through 1987 Showing the Number and Percentage of ELTs That
Did Not Operate During Crashes Involving General Aviation Aircraft

# OF ACCIDENT
REPORTS * PERCENT
1983-1987
OPERATED 819 25%
DID NOT
OPERATE 2451 75%
RTE%%%S 3270 100%

* Accident reports where reasons for ELT Noneffectiveness/Failure
were available (Item 56 in Supplement A)



B. Validation of Failure Rate from AFRCC Data Analysis

Further validation of the ELTs failure to operate when in aircraft accidents was obtained
from the AFRCC Annual Reports for 1984 through 1987. On 544 aircraft search missions
the ELT worked 120 times or 22.1% of the time and did not work on 424 missions or
77.9% of the time. (See Table 2).

Table 2
AFRCC Data from 1984 Through 1987 Showing the Number and Percent of ELTs That
Did Not Operate in Crashes when Search Missions Were Required

# OF SEARCH
MISSIONS
TOTALS | PERCENT
1984 | 1985 | 1986 | 1987
OPERATED 31 | 39 | 35 | 15 120 22.1%
O ATE 108 | 93 | 118 | 105 424 77.9%
TOTAL 139 | 132 | 153 | 120 544 100%

C.NTSB Data on Specific Causes of Failure
o 88% of the failures are crash related
« 12% are preventable with an inspection and maintenance program

The NTSB "Factual Report Aviation Accident /Incident” lists 19 specific reasons for
ELT non-effectiveness/failure (Attachment 2). Two of the "reasons” (Operated Effectively
and Test Satisfactorily after Accident) listed in the NTSB accident report form were
dropped from the analysis as they could not be evaluated as "reasons for non-
effectiveness.” Table 3 below lists the remaining 17 reasons and the number of ELTs that
failed in each category during the four year period, 1983 - 1987, as extracted from the
NTSB data. It is interesting to note that 88% of the failures are crash related, i.e., "G"
switch, fire damage, impact damage and antenna broken or disconnected, which reflects a
requirement for ELTs and antennas which are more crash damage resistant. Twelve



percent of the failures are attributed to defects which, in most cases, probably existed prior
to the accident and consequently prevented the ELT from operating in an emergency
situation.

Under a direct contract from the FAA the information derived from the NTSB data base
was validated by a detailed review of a sample of 119 case files. This study is contained in
Appendix C.

Table 3
ELT Failures from NTSB Factual Report Accident/Incident
(NTSB Form 6120.4) 1983 - 1987

REASONS FORELT # OF ELT
FAILURE FAILURES

1. Insufficient G's 245

* 2. Improper installation 12
* 3. Battery dead 42
* 4. Battery corroded 2
* 5. Battery installation incorrect 3
* 6. Incorrect battery 4
7. Fire damage 280
8. Impact damage 356
9. Antenna broken/disconnected 180
10. Water submersion 62
*11. Unit not armed 70
12. Shielded by wreckage 17
13. Shielded by terrain 9
14. Internal failure 14
15. Signal direction altered by terrain 4
*16. Packing device still installed 3
*17. Remote switch off 16
Total: 1319

* NOTE: Preventable with Mandatory Maintenace/Inspection Program

D. Other Substantiating Data

» Although other data sources could not be directly correlated with the
NTSB data, they supported the finding of the NTSB data analysis.

Table 4 adds the data collected from other reports that also addresses the ELT non-
effectiveness/failure problem. The data listed under the FAA Service Difficulty Reports



(SDR), NTSB Special Study and the FAA Directed Safety Inspection, 1976 (DSI) columns
could not be directly correlated to all of the specific reasons for failure listed under the
NTSB 1983-1987 column; however, general support does exist. As an example, the
NTSB data attributes 245 failures to the "G" switch. The FAA SDR report lists four (4)
failures, the NTSB Special Study lists 2,228, and the DSI report lists 109. The small
number under SDR (4) does not correlate because SDRs are usually submitted by
maintenance technicians who discover defects during normal inspection and maintenance
while the 245 "G" switch failures were documented during the process of accident
investigation by the NTSB. In addition, the small number of "G" switch problems
submitted through the SDR program may be attributed to a lack of information and
equipment in the field to determine whether or not a "G" switch is functioning according to
specification.

Table 4
Reasons for ELT Non-Effectiveness/Failure Based on Various Sources

& A

o S

& £
1. Insufficient G's 245 4 2228 109
2. Improper installation 12 40 6
3. Battery dead 42 47 53 15
4. Battery corroded 2 75 7
5. Battery installation incorrect 3 27 4
6. Incorrect battery 4 67
7. Fire damage 280 1 } 266 5
8. Impact damage 356 23
9. Antenna broken/disconnected 180 8 84 10
10. Water submersion 62 3 3
11. Unit not armed 70 3 205 6
12. Shielded by wreckage 17
13. Shielded by terrain 9
14. Internal failure 14 102 219 13
15. Signal direction altered by terrain 4
16. Packing device still installed 3 5
17. Remote switch off 16 20
Totals: 1319 377 3115 226

* Fire and Impact Damage Combined in NTSB Special Study

SDR - FAA Service Difficulty Reports

NISB Special Study - Special Study - Emer gency Locator Transmitters: An Overview, 1978

DSI -- FAA Directed Safety Investigation, 1976
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III. VALIDATION OF FALSE ALARM RATE & CAUSES OF
FALSE ALARMS

* While the percentage of false alarms is well documented, the specific
causes are not easily quantified.

The number of false alarms that are generated on an annual basis is well documented;
however, details which identify the cause of each one is seldom obtained (nor recorded).
This is the result of not having a workable follow-up system which would document false
alarm cause factors. The Rescue Coordination Centers (RCC) do record reasons, although
they are limited by what is forwarded to them by the personnel in the field who locate the
ELT transmitting the false alarm. Furthermore, the search personnel (often Civil Air Patrol
volunteers) do not have the technical expertise or the test equipment available on the spot to
"trouble shoot" a defective ELT and determine what caused the false transmission. Their
task, when they locate the transmitting ELT is to simply turn it off. Sometimes the cause
is obvious to them, from external examination; i.e., switch turned on, dropped on floor of
hangar, case corroded, etc. In this case the information is usually included in the after
action mission report which they submit to the AFRCC. However, when a defective ELT
is taken by the owner to a shop for repair, the reason for the false transmission is lost in the
process. There is no requirement for the owner or the repair shop to report why the ELT
malfunctioned nor is there a central data collection point for this information.
Consequently, the AFRCC at Scott AFB, 11 has the most current and complete
documentation available concerning the causes of ELT False alarms.

* 97% of the ELT signals reported to the AFRCC at Scott Air Force Base
are false alarms.

From 1984 through 1987 the RCC at Scott AFB opened 6,626 rescue missions to
locate transmitting ELTs. The results revealed that 6,421(97%) were non-distress or false
signals generated by defective ELTSs or operator mishandling. A random sample of 265
AFRCCELT false mission reports yielded 9 reasons for false alarms with the major
problems being the "G" switch, corrosion and mishandling. Of the 265 false alarm reports
analyzed from the AFRCC, 45 (17%) were EPIRBs, 32 (12%) were military ELTs and
188 (71%) were civilian. It should be noted that in 58% of the cases investigated the cause
of the false alarm was unknown or undetermined by the person in the field who located the
ELT and filed the mission report with the AFRCC.



The other studies and reports reviewed for false alarm data generally support the
information collected at the AFRCC (Table 5).

Table 5

Combined Reasons for False Alarms Based on Current and Post Studies

ARINC
CAUSE AFRCC| FIRs & C#‘il szl TOTAL
SDRs
1. G-Switch 17 403 25 9 454
2. Corrosion 4 212 4 220
3, Human Failure 8 62 1 2 73
4, Misc. (heat, water or radiated interference) 70 70
5. G-Switch or Corrosion out of Aircraft 48 48
6. Incorrect Installation of ELT 45 45
7. Mishandling in Aircraft 26 26
8. Accidental Operation of Control 20 20
9. Accidental Operation of Remote Switch 6 6
10. Internal Failure 2 4 6
11. Vibration 4 1 5
12. Repeat Offender 5 5
13. Incorrect Battery 1 1
14. Unknown (no other info given) 154 900 35 4 1,093
TOTALS 265 1,692 99 16 2,072

AFRCC - Air Force Rescue Coordination Center

ARINC - ARINC Research Corporation

FIRs - Frequency Interference Reports from the Airways Facilities Division of the FAA

SDRs --  FAA Service Difficulty Reports

CRI -- Crash Research Institute




IV. ESTIMATION OF IMPROVEMENTS TO BE EXPECTED
FROM IMPLEMENTING TSO-C91a

As a first step in estimating the improvements that can be expected by implementing
TSO-C91al, a detailed paragraph by paragraph comparison was made with the
requirements of the TSO-C912. RTCA Document DO-147, dated November 1970,
established the requirements for the current generation of ELTs that are in the field today.
This comparison of performance requirements is contained in the table in Appendix B.

The next step involved a paragraph by paragraph analysis of identified improvements
against the reasons for failure (derived from the NTSB data base) and the causes of false
alarms (derived from AFRCC data). This resulted in an estimated percent of expected
performance improvement. A team of experts consisting of former members of the RTCA
ELT committee and an experienced Search and Rescue Operations Officer was assembled
to perform the detailed analysis. The team of experts also included a crash investigator
who has also been active in ELT research and development.

A. Comparison of Old and New Specifications

To assist in the evaluation of the DO-147 and DO-183 requirements, the pertinent
specifications from each document were summarized and placed side by side in a table
grouped into five categories:

Performance Requirements

Crashworthiness

Electromagnetic Environment Requirements
Environmental Requirements

Installed Equipment Performance and Operational Tests

M e

1Details of C91a requirements are contained in RTCA Document DO-183 entitled "Minimum
Operational Performance Standards for Emergency Locator Transmitters."

2Details of C91 requirements are contained in RTCA Document DO-147 entitled "Minimum
Performance Standards for Emergency Locator Transmitters”

9



"Performance Requirements” was subdivided into ten areas, "Crashworthiness" into five
areas, "Electromagnetic Environment"” into eight areas, "Environmental Requirements” into
fifteen areas and "Installed Equipment Performance and Operational Tests" into six areas.
The applicable paragraph from the RTCA documents was then placed in each area for the
detailed comparison analysis. (In many cases the DO-147 specifications did not address
areas addressed by DO-183.) The team of experts then analyzed the differences between
the two documents in each area and summarized the improvements to be expected in the last
column of the Appendix B table.

B . Estimate of Improvements in Reliability of the ELT During Crashes

+ 25% of ELTs currently activate in a crash situation; an increase to
73% is expected.

The NTSB data discussed in Chapter 2 on the specific causes of ELT failure in 1,319
crashes was examined in the light of the improvements summarized in the Appendix B
table. For each of the 17 failures documented, the entire set of specifications and the
expected improvements was estimated by the team of experts. This improvement,
expressed in percentage, along with the applicable areas from the Appendix B table, are
shown in Table 6. The percentage of "Expected Improvement" was then used to derive the
remaining number of failures that could be expected after TSO-C91a is implemented. The
"Expected Improvement" and the remaining number of failures to be expected, is shown in
Table 7.

10



Table 6

Expected Improvements from Implementation of DO-183

REASONS FOR ELT MO EMENT APPLICABLE
FAILURE % IMPROVEMENTS*

1. Insufficient G's 95% A7,A9,B2,DS8,E1,E4

2. Improper installation 95% E.1,E3,E4,ES5

3. Battery dead 95% A9,ES5,E.6

4. Battery corroded 50% A.10,ES

5. Battery installation incorrect 45% A9,E2,E3,E4,ES

6. Incorrect battery 75% E3,E4,ES

7. Fire damage 10% B.3,B.4,D.14,D.15

8. Impact damage 75% B.1,B.2,B.3,B4

9. Antenna broken/disconnected 85% B.2,B.5

10. Water submersion 0

11. Unit not armed 98% A9,E1,E2, E4,ES

12. Shielded by wreckage 10% A3

13. Shielded by terrain 10% A3

14. Internal failure 75% B.2,B.3,B.4,C.2,D.1,D.9,
D.10,D.11,D.12

15. Signal direction altered by terrain 10% A3

16. Packing device still installed 98% E.1,E3,E4,ES

17. Remote switch off 100% E.1,E2,E4,E.S

* The paragraph numbers listed in the Applicable Improvements column above refer o the
ELT Performance Specifications Comparison chart in Appendix B of this document. The
paragraphs identified provide the basis for predicting the expected percent improvement

for each reason of ELT failure.
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Table 7
Analysis of 1319 ELT Failures (where data was available) 1983-1987 and Expected
Improvement from TSO-C91a and Expanded Inspection/Maintenance Program

# OF ELT EXPECTED EXPECTED
REASONS FAILURES IMPROVEMENT # OFELT
% FAILURES

1. Insufficient G's 245 95% 12
* 2. Improper installation 12 95% 1
* 3. Battery dead 42 95% 2
* 4, Battery corroded 2 50% 1
* 5. Battery installation incorrect 3 45% 2
* 6. Incorrect battery 4 75% 1

7. Fire damage 280 10% 252

8. Impact damage 356 75% 89

9. Antenna broken/disconnected 180 85% 27

10. Water submersion 62 0 62
*11. Unit not armed 70 98% 1

12. Shielded by wreckage 17 10% 15

13. Shielded by terrain 9 10% 8

14. Internal failure 14 75% 4

15. Signal direction altered by terrain 4 10% 4
*16. Packing device still installed 3 98% 0
*17. Remote switch off 16 100% 0

Current Total of ELTs not Activated 1,319

Expected Total of ELTs not Activated 481
* Preventable with an Expanded Maintenance/Inspection Program

S ummary;
Current Success Rate: 25% Expected Success Rate: 73%

The Expected Success Rate is Approximately Three Times the Current
Success Rate.

Implementation of TSO-C91a and a more stringent inspection and maintenance program
would drastically reduce the number of failures. TSO-C91a would vastly improve "G"
switch performance, slightly improve fire resistance, reduce failures due to impact damage
(primarily due to a better mount and case construction in relation to the mount) and
significantly reduce antenna broken/disconnected incidents. A more stringent inspection
and maintenance program would reduce the number of battery problems, the number of
improper installations, the number of units not armed, the number of incorrect batteries
installed and should preclude installation of ELTs with packing devices still installed as
well as remote switches turned off.

12



The summary of the expected improvements is shown at the bottom of Table 7. The
current failure rate of 75% (found from review of NTSB Factual Report Accident/Incident
Form 6120.4 entries) should be reduced to 27% resulting in an improvement in ELT
performance from 25% currently experienced to an expected 73%.

C. Estimate of the Reduction in False Alarms to be Expected From
Implementation of TSO-C91a and an Improved Inspection and
Maintenance Program

+ The current number of false alarms can be expected to be reduced by
75% with implementation of TSO-C91a and a mandatory inspection
and maintenance program.

The data on false alarm causes obtained from AFRCC records and other data sources
(discussed in Chapter 2) were used to assess the potential benefit to be derived in reducing
the false alarms due to the improved performance of TSO-C91a ELTs. Each cause of false
alarms was examined in the light of improvements indicated in the Appendix B table and an
assessment made by the team of experts of the percentage of improvement to be expected.
This improvement was then applied to the number of false alarms by cause to derive the
remaining number of false alarms expected after implementing TSO-C91a. The expected
improvement for each cause of false alarm (due to the improved specification and an
improved inspection and maintenance program) and the remaining false alarms is shown in
Table 8.( Note that false alarms for unknown causes were removed from the data. )

It is obvious that implementation of TSO-C91a and a comprehensive mandatory
inspection and maintenance program would have positive effects in most cause categories.
Implementation of TSO-C91a would result in improvements in the "G" switch; built in
resistance to internal failure primarily through corrosion control (positive separation of the
battery and electronic sections); problems with heat, water and radiated interference; and the
ability to withstand higher levels of vibration without activation of the ELT. False alarms
due to corrosion, incorrect installation and incorrect batteries could be reduced through a
more stringent mandatory inspection and maintenance program. A strong education
program coupled with fines or license suspension for repeated offenders would have a
positive effect on the mishandling/ human failures which are causing a high percentage of
the false alarms.

In summary, the current number of false alarms is projected to be reduced by 75% with
implementation of TSO-C91a and an improved inspection and maintenance program.

13
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V. INSPECTION AND MAINTENANCE

* The effectiveness of implementing TSO-C91a will be limited unless
improved inspection and maintenance criteria are established.

To validate the conclusion in Chapter II that 12% of the ELT failures were preventable
by an effective inspection and maintenance program, three sources of information were
reviewed to determine the condition (status) of ELTs installed in general aviation aircraft.
The information was collected in 1987, 1988, and 1989 from two U.S. and one Canadian
report. All three of the reports revealed that an unacceptable number of discrepancies
existed in the installed ELTs. Some of the discrepancies could cause ELTs not to operate
when involved in an aircraft accident and others could contribute to the false alarm
problem. A 1976 Directed Safety Inspection was reviewed to compare current findings
with early ELT defect documentation.

A. 1989 FAA ELT Maintenance Survey

In 1989, the Federal Aviation Administration conducted a special survey with six Fixed
Base Operators (FBOs) participating at five different locations in the United States. The
FAA provided the FBO repair facilities with an ELT field test procedure/data collection
sheet which included inspection instructions (see attachment 2). A "G" switch go/no go
test fixture was used at two of the survey locations on some of the ELTs inspected.

» 107 ELTs inspected*
* 69 (64%) were discrepancy free
* 39 (36%) had a total of 52 discrepancies

This analysis reviewed 107 of the survey forms (Attachment 3) that were completed by
the FBO repair facilities. Sixty-nine or 64% were discrepancy free while 39 or 36% had a
total of 52 discrepancies some of which could have caused the ELTs to fail in an accident or
could eventually cause false alarms (See Table 9).

* Note: 53 (49.5%) of the ELTs inspected by the FAA Special Survey were installed in
twin engine aircraft.
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Table 9
ELT Discrepancies Found in the 1989 FAA Survey (107 ELTs)

# OF
DISCREPANCY DISCREPANCIES

1. "G" Switch Inoperative 1
2. "G" Switch Limits Exceeded 16
3. Low Power Output 6
4. On/Off Switch in Off Position 5
5. Battery Overdue 6
6. Corrosion 3
7. Antenna Discrepancies 11
8. Defective On/Off Switch 1
9. Portable Antenna Missing 1
10. Battery Leaking 1
11. Remote Switch Inoperative 1

TOTAL 52

» 24 "G" switches tested
o 16 (67%) failed
» 8 (33%) passed

The FAA-furnished "G" switch go/no go test fixture was used on 24 of the ELTs
surveyed. Significantly, only eight or 33% passed the "G" switch operational test and
sixteen or 67% failed. This finding supports NTSB accident report data that documents the
"G" switch as a major cause of ELT failures when involved in accidents. The test also
correlates with reports that identify the "G" switch as a major contributor to the high
number of ELT false alarms. Obviously, if the "G" switch mechanism is not within
specification limits prior to an accident the possibility of it operating is reduced.
Conversely, if the switch is over sensitive, it can be activated by a hard landing or towing
operations thereby generating a false alarm.

B . 1987 Alaskan ELT Maintenance Survey

The Alaskan survey (Attachment 4) was conducted in 1987 by Northern Lights
Avionics in Anchorage. The results were forwarded by the Alaskan Region FAA Office to
Headquarters, Airspace Rescue and Recovery Service at Scott Air Force Base in Illinois
and to the FAA-DOT, AWS-120, 800 Independence Avenue, S.W., Washington, D.C.
20591.
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o 119 ELTs inspected
» 22 (18%) were discrepancy free
s 97 (82%) had a total of 119 discrepancies

The Alaskan survey inspected 119 ELTs and only 22 or 18% of the units were free of
discrepancies (See Table 10). Ninety-seven or 82% of the units had a total of 119
discrepancies. The high number of discrepancies may be attributed to the harsh Alaskan
climate, a lack of adequate test facilities (avionics shops), aircraft storage at remote
locations and perhaps a lack of owner interest. Unfortunately, the Alaskan climate is
unforgiving to those who encounter its harshness in a survival situation and search forces
are faced with vast remote areas that are difficult, if not dangerous, to search. The Alaskan
survey, at least in 1987, indicates that in a location where ELTs would be most beneficial,
they were in the worst condition.

Table 10
ELT Discrepancies Found in the 1987 Alaskan Survey

# OF
DISCREPANCY DISCREPANCIES

1. Battery 49
2. "G" Switch 8
3. Circuit/Circuit Board 28
4. On/Off Switch 6
5. Corrosion/Rust 6
6. Antenna 5
7. Modulation Problems 2
8. Unknown Causes 15

TOTAL 119
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C. 1988 Transport Canada ELT Maintenance Survey
* 306 discrepancies in 1,684 ELTs

The Transport Canada report that was prepared by Leigh Instruments Limited of
Ontario, Canada in 1988 revealed 306 discrepancies (18%) in 1,684 ELTs inspected.

Table 11
Results of Transport Canada's Defective ELT Survey

# OF
TYPE OF DEFECT DEFECTS

1. Circuit Board Failure 59
2. Battery Replacement Overdue 58
3. Crash Activated Switch ("G" Switch) Malfuction 46
4. Corrosion 43
5. Battery Failure 37
6. Antenna and/or RF Connector Failure 34
7. Miscellaneous Defects 29

TOTAL 306

D. 1976 Directed Safety Investigation

The Directed Safety Investigation (DSI) [RIS: FS-8330-9], Emergency Locator
Transmitter Activations, prepared by the Flight Standards Technical Division (Maintenance
Analysis Center), dated March 1976, also identified a high number of similar ELT
maintenance discrepancies. This verifies that the same basic ELT problems exist today that
were present in 1976. The applicable parts of the DSI Executive Briefing follow:

Part I.* Unwanted ELT Activations. The purpose of this portion of the survey was
to determine any causal factors for the occurrences of unwanted activations.

Total number of reports 417
Total number of manufacturers reported 12
Number of ELT units found with switch "on" 99
Number of ELT units found with "corrosion" 64
Number of activated units "cause" not reported 254
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Part I1I.* Accident Survey - ELT Performance. The purpose of this portion of the

Part V.*

survey was to determine what factors or conditions are preventing the ELT
from functioning when exposed to conditions that should cause it to
activate.

The analysis of this study considered the fact that ELT integrity should
remain intact, only in survivable accidents. The unit is not designed to
withstand or operate under conditions exceeding 50g.

Total number of reports 358
Number of reports citing function switch in the

"off" position 27
Number of reports citing battery condition to be

"discrepant" 78
Number of reports citing "insufficient impact or

direction wrong ("G" switch problem)" 112
Manufacturers Warranty/Repair History. The purpose of this portion of the

survey was to determine what defects were being found when units were
returned on warranty or for repair. Although there are 18 manufacturers of
ELTs, reports were only received on eight.

Total number of units reported on 366
Number of reports citing defective transistors and

printed circuit boards 84
Number of reports citing defective function of switches 70
Number of reports citing defective "G" switches 32
Number of reports citing defective crystals 30
Number of reports citing multiple defects 28
Number of reports citing defective batteries 18

*Direct quote from the FAA DSI
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E. Summary

There was no attempt made to correlate the foregoing surveys. Each survey stands
alone and each verifies that an unacceptable high number of TSO-C91 ELTs installed in
general aviation aircraft are defective. Some of the discrepancies could cause the ELTs not
to operate when involved in an aircraft accident and some, over a period of time, could
generate false alarms. Some lives will be lost because of ELTs that are inoperative before a
crash occurs. Also, national resources will be unnecessarily expended responding to false
alarms caused by ELT discrepancies that go undetected until a false alarm is generated.

In assessing the percentage of failures that could be prevented by an effective inspection
and maintenance program it was decided that a conservative estimate would be between
12% (Based on the NTSB data base) and 18% (Based on the Canadian study). The FAA
survey and the Alaskan surveys were considered too small of a sample and could contain
biases, although they decidedly support the need for an effective inspection and
maintenance program.

The FAA 1976 DSI also supports the above conclusions, however it was felt that this
data was not necessarily valid due its much earlier time frame.

F. Conclusions

o 12-18% of the ELT failures in aircraft accidents could be prevented
with an effective inspection and maintenance program.

o Current ELT inspection and maintenance methods and procedures are
inadequate.

o The effectiveness of any ELTs, including TSO-C91a ELTs, can only
be realized if backed by an effective ELT inspection and maintenance
program.

« The NASA developed and FAA tested ELT inspection procedure
should be refined, if necessary, and established as an FAA

requirement.

o ELT inspection and maintenance must be coupled with rule making
to ensure the potential effectiveness of the C91a ELTs.
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VI. HUMAN SURVIVABILITY IN CRASHES WITH AND
WITHOUT AN ELT

A large percentage of general aviation accidents result in some survivors. Review of
the data from Block 213 of the NTSB accident records revealed that 85% of general
aviation accidents result in some survivors categorized as : Seriously Injured; Minor
Injuries or No Injuries. The time between a serious aircraft accident and when potential
survivors can be found by rescue forces can have a dramatic impact on the probability of
accident victims surviving the accident. This general ime/survivability relationship is
shown in Figure 1 developed by DOT, Mundo, et al. This time factor is particularly crucial
when a search is required to locate the crash site.

The importance of having an operational ELT is supported by the statistics gathered
through a review of the Aircraft Accident Investigative Report data provided by the NTSB
and search missions coordinated by the AFRCC.

A . Elapsed Search Time With and Without an Operational ELT

From NTSB Data;

» 12.4 hours to locate a crash with an operable ELT

* 103.0 hours to locate a crash without an operable ELT

For the time period 1984 - 1987, NTSB accident reports document (Table 12) that it
takes 12.4 hours to locate an aircraft crash with an ELT operating when a search is
involved while it takes an average of 103.0 hours when ELTs are not operating.

Table 12

Data From NTSB Factual Report Aviation Accident/Incident
(NTSB Form 6120.4) 1984 through 1987

TIME FROM SAR
NOTIFICATION TO AVE%?{G%W
WAS ELT LOCATION OF DISTRESS THROUGH 1987
WORKING? (IN HOURS) (IN HOURS)
1984 | 1985 ] 1986 | 1987
WORKING 8.7 92 791 238 124
NOT WORKING 67.4 | 138.3]| 160.7| 45.7 103.0
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Figure 1
SURVIVAL AS A FUNCTION OF RECOVERY TIME
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From AFRCC Data:
* 12.3 hours to locate a crash with an operable ELT
* 50.0 hours to locate a crash without an operable ELT

Time saved in locating an aircraft crash with and without an operable ELT is the
dominant factor in improving the survivability from serious aircraft accidents where a
search is involved. The AFRCC Annual Reports for the years 1984 through 1987 (Table
13) documents that it takes an average of 12.3 hours to locate a crash from the time of RCC
notification with an ELT operating and an average of 50.0 hours when no ELT is
operating,.

Table 13
Data from USAF AFRCC Annual Reports for 1984 throu gh 1987

TIME FROM SAR TIME
NOTIFICATION TO AVI;%’}{GF% 4
WAS ELT LOCATION OF DISTRESS THROUGH 1987
WORKING? (IN HOURS) (IN HOURS)

1984 | 1985 | 1986 | 1987

WORKING 14.3 16.1 95 9.2 12.3

NOT WORKING 336 | 1192 | 18.1 29.4 50.0

In The General Case of All Accidents

The above data can be used to project the expected improvement in survivability when
an ELT is used during a search for a missing aircraft. If we average the difference in time
from the two data sources ( NTSB and AFRCC records ) a projection of improved
survivability can be derived from the DOT survival curve as shown in Figure 2.

In cases where searches were not required to locate the accident it is generally accepted
that the ELT often acts as the first alert that a crash has occurred, although there is no data
source to quantify this time advantage. To atiempt to quantify the survivability advantage
of a working ELT the entire NTSB Data Base period 1 January 1983 through 17 October
1988 was analyzed.
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Figure 2
SURVIVAL AS A FUNCTION OF RECOVERY TIME
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B . Survivability With and Without an Operational ELT

To establish a basis for projecting the number of lives that could be saved using the
improved C91a ELTs and a mandatory inspection and maintenance program, two
approaches were used. In the first approach the NTSB data base was examined for cases
with and without an ELT operating where a search was involved. A survivability rate was
calculated for both cases (i.e. Working ELT and Non-Working ELT ). Survivability was
defined as the number of survivors divided by the total number of people involved in the
accident. In the second approach the total population of 12,744 general aviation accidents
during the period of 1983 through October 1988 was evaluated. ( The premise of this later
approach was that the sheer number of accidents would randomize the other variables of
survivability.)

From the NTSB Data Base Where a Search Was Required

. NTSB records from 1 January 1983 through 17 October 1988
where a search was involved indicate that an additional 23 lives
per year could have been saved had the ELT operated.

Of the 662 accident records from 1 January 1983 through 17 October 1988 where a
search was required, the ELT operated 255 times and failed to operate 407 times. (See
Table 14) When the ELT operated 222 occupants survived for a 34% survivability rate.
When the ELT did not operate 179 occupants survived for a 19% survivability rate.

Subtracting the 19% from 34% results in a 15% survivability advantage when the ELT
operates. If the 15% advantage is multiplied by the 928 people involved where the ELT did
not work the potential for additional survivors is 139 people. Dividing the 139 people over
the six years equals an additional 23 lives per year that potentially could have been saved
had the ELT worked in all of these accidents.
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Table 14
NTSB Survivor Data Where a Search was Required
( 1 January 1983 through 17 October 1988 )

# of # People # of Survival
Accidents Involved Survivors Rate
A. Accidents where 255 648 222 34%
ELT was operating
B. Accidents where 407 928 179 19%
ELT was not operating

Survivability Advantage When ELT is Operating
34%-19%=
15%

Lives lost from 1983 through 17 October 1988 due to ELT not operating
"~ 15% x 928 people involved =
139 LIVES

Number of lives lost per year due to ELT failure
139/ 6 years =
23 LIVES/ YEAR

From the Total NTSB Data Base:

» NTSB records from 1 January 1983 through 17 October 1988
indicate that an additional 58 lives per year could have been saved
had the ELT operated.

Of 12,744 accident reports that were filed between 1 January 1983 and 17 October
1988, the ELT operated 4102 times and failed to operate 8642 times. When the ELT
operated, 7077 aircraft occupants survived for an 85% survivability rate. When the ELT
did not operate, 13,843 occupants survived for an 83% survivability rate.

Subtracting the 83% from 85% equals a 2% survivability advantage when the ELT
operates. If the 2% advantage is multiplied by the 16,607 people involved where the ELT
did not work, the product is 332 lives. Dividing the 332 lives over 5.8 years (1 January
1983 to 17 October 1988) equals an additional 58 lives per year that could be saved with
operating ELTs.
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Table 15
NTSB Survivor Data From Total NTSB Data Base
(1 January 1983 Through 17 October 1988 )

# of # People # of Survival
Accidents Involved Survivors Rate
A. Accidents where 4102 8369 7077 85%
ELT was operating
B. Accidents where 8642 16,607 13,843 83%

ELT was not operating

Survivability Advantage When ELT is Operating
85% - 83% =

2%

Lives lost from 1983 through 17 October 1988 due to ELT not operating

2% x 16,607 people involved =

332 LIVES

Number of lives lost per year due to ELT failure
332/ 5.8 years =
58 LIVES / YEAR
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VII. PROJECTED BENEFITS FROM TSO-C91a ELTs
COUPLED WITH AN EFFECTIVE INSPECTION AND
MAINTENANCE PROGRAM

A . Review of Lives Lost Per Year due to ELT Failures

Chapter VI examined the survivability of occupants in aircraft accidents for the six-year
period 1983 through 1988. The examination of the overall data base of 12,744 general
aviation accidents concluded that 58 lives per year were lost (Table 15, page 27) in
accidents where the ELT failed to operate that otherwise should have survived if the ELT
had operated.

With the assumption that the operation of the ELT is a more dominant factor in the
saving of lives where a search is required, the NTSB data base was examined for those
cases where the accident invéstigator had filled out Supplement M of the Accident
Investigation Report. Review of these 662 accident records revealed that 23 lives per
year were lost (Table 14, page 26) in accidents where the ELT did not operate and a
search was required.

To evaluate the above results and project the potential life saving benefits the following
factors must be considered:

» The effectiveness of an ELT as an alerting device even when a
search is not required.

o The 662 accident records where search information was available is
probably somewhat lower than the actual number of cases and does
not represent a complete set of data for the six-year period. In many
cases the accident investigator may not have this information
available at the time of his investigation.

» Because one cannot be sure that other factors may have biased the
overall results of survivability when considering the entire data
base, these results are subject to challenge. However, the large
number of people involved (24,976) as well as the number of
accidents (12,744) over the six-year time frame should tend to
randomize the other variables which could affect survivability.
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» The potential benefits in lives saved by a dramatic reduction in the
number of false alarms (75% reduction) cannot be quantified,
however, it is apparent that this reduction will improve the pre-
rescue time and therefore save additional lives.

Taking the above factors into consideration it is concluded that the potential for lives to
be saved is bounded by the results from the two data bases and an average of these bounds
appears to be a conservative estimate of the lives lost each year due to ELT failure. Based

upon this assumption it is concluded that 41 lives are lost each year due to the failure
of the ELT to operate.

B . Projected Benefits of Lives Saved Each Year

Based upon the analysis and projected improvements derived in Chapter IV, a
performance improvement of 48% (73%-25%) is projected. This translates into

approximately 25 lives per year that will be saved due to the improved C91a ELT

and an effective inspection and maintenance program.

Although the projection in lives saved is based upon the C91a specification ELTs
versus the C91 ELTs, the inspection and maintenance program is necessary to ensure that
ELTs are properly installed and in working order. From the results of the maintenance
studies given in Chapter V, lack of an effective inspection program will result in 12 to 18%

of failures prior to the aircraft accidents resulting in 3 loss of approximately 6 lives
per vear (e.g., a reduction in the projected 25 lives per year saved).
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VIII. SUMMARY AND CONCLUSIONS

Analysis of the NTSB accident investigation data (1983-1987) and the AFRCC annual
reports (1984-1987) confirmed the previously reported failure rate of ELTs in aircraft
accidents (75%) and the high incidence of false alarms (97%) being experienced with the
TSO-C91 ELTs currently in the field. A detailed comparison of the specification required
by TSO-C91a versus TSO-C91 was made to assess the improvements that could be
expected for each type of crash failure and each false alarm cause. The projected
improvement for each type of failure and each cause of false alarms concluded that the
success rate of the ELT operation in a crash could be improved by 3 times the current
success rate and the number of false alarms could be reduced to 1/4 of the number from
C91 ELTs. By examining the survivability factor of aircraft accidents, with and without a
transmitting ELT, it was projected that approximately 25 lives per year could be saved by
implementing the TSO-C91a ELTs along with an effective inspection and maintenance
program. Lack of an effective inspection and maintenance program would reduce this
projection of lives saved by approximately 6 lives per year.
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APPENDIX A

Sources of Data Gathered for Analysis
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APPENDIX A
Sources of Data Gathered for Analysis

Numerous studies, reports and analyses have been published concerning ELT
performance. Fifty such reports were reviewed as source material for the NASA analysis.
The following list of reports highlight the type of information that was available:

» DSI Study by the FAA

+ CRI Reports

« ARINC False Alarm Study

+ AFRCC Annual Reports

» NTSB Annual Reports

Unfortunately, very few of the 50 published documents could be used in the NASA
analysis because each of them had their own purpose or goal. Although these documents
substantiated most of the problem areas there was insufficient data to provide meaningful

correlation with the NTSB data and the AFRCC records.

In addition to the reports that were reviewed, a study of the various relevant data bases
was conducted to quantify the ELT performance and characterize the problems. The data

bases studied were:

NTSB Accident Investigations Data Base (NTSB Form 6120.4) (1983 - 1988)

» FAA Service Difficulty Reports

« AFRCC False Alarm Mission Reports (Selected 1988 Files)
+ Alaskan Maintenance Survey

« FAA Maintenance Survey
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A detailed review of the above data bases resulted in the following conclusions:

* The FAA Service Difficulty Reports did not correlate with other data bases,
although they did substantiate the need for a better and more frequent inspection
program; however, the type of problems reported do reinforce the data from other

sources.

*  The maintenance surveys conducted in Alaska and in the CONUS by the FAA also
reinforce the need for a more frequent and more comprehensive inspection
program.

* The AFRCC False Alarm Mission Reports proved to be the only current data
available to characterize the false alarm; however, past reports were reviewed and
the data combined with the results of our study of the AFRCC data.

Consequently, after review of the available documentation, it was determined that
NTSB and AFRCC data would be used as the cornerstones of the NASA analysis.
Support of the NTSB and AFRCC data was provided by other documentation that could be

correlated.
A . NTSB Data:

NTSB data was obtained from the NTSB Factual Report Aviaton/Accident Report
(NTSB Form 6120.4) which in completed by NTSB aircraft accident Investigators.
The following sections were used:

1. Basic Report, Blocks 67, 68 and 69 (Attachment 3): Blocks 67,68 and 69 of

the basic report asked the NTSB accident investigator if an ELT was installed (yes
or no), if an ELT was required (yes or no) and if the ELT operated (yes or no).
This information was used to determine the percentage of ELTs that operated when
involved in a crash and was compared to survivor data collected from the search
and rescue section of the report.

2. Basic Report, Block 216 (Attachment 4): Block 216 of the basic report asked

the accident investigator to classify the injuries sustained by the aircraft crash
victims. Four classifications were available; A-Fatal, B-Serious, C-Minor and D-
None. This information was used to determine fatality rates for aircraft accidents
with and without the ELT operating.
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3. Supplement A, Block 56 (Attachment 5): Supplement A, Block 56 of the report
provides nineteen (19) reasons for ELT noneffectiveness/failure from which the
accident investigator could select one or more (multiple entry) reasons. The number
1 block, if selected, indicated that the ELT operated effectively and an "A" selection
is available to signify reasons "other” than the 19 listed. The number 1 block and
the "A" selection were not considered in the analysis for obvious reasons; i.e., even
if the ELT operated effectively, it could have still had some type of superficial
damage. The "A-Other" block was not used because it was not specific.
Supplement A. Block 56 data was used to identify the specific reasons why ELTs
do not work in accidents and then used as a basis for determining improvements
that could be realized through implementation of RTCA DO-183.

4. Supplement M, Blocks 1 though 12 (Attachment 6): Blocks 1 through 12
identified; (1) Whether or not a search was required; (2) The type of search
conducted; (4) When the search agency was notified; (5) When the aircraft
occupants were located; (7) Whether or not the Civil Air Patrol was involved; (8)
Whether military or Coast Guard personnel were involved; (9) Whether a distress
call was transmitted; (10) Whether a distress call was received; (11) The method of
locating the accident site; and (12) The condition of the aircraft occupants at rescue.
(Note: Blocks 3 and 6 were not used on the NTSB accident report form.) The
Search and Rescue Section of Supplement "M" was used to identify aircraft
accidents involving search operations in other NTSB data runs and to determine the
time factors involved in reaching occupants of crashed aircraft with and without

operating ELTs.

. Air Force Rescue Coordination Center Data

AFRCC Annual Reports were used to:

1. Determine the time lapse from SAR notification to location of the distress. This
data was compared with the time lapse data extracted from Supplement M-
Search/Rescue/Firefighting/Medical Treatment, Blocks 1-12, of the NTSB
Factual Report Aviation Accident/Incident.

2. Determine, on aircraft search missions coordinated by the AFRCC (Years 1984
through 1987), the number of ELTs that worked as opposed to ELTs that did
not work in aircraft crashes. This data was compared with Block 69 (Operated,
yes or no) of the Basic Section, NTSB Factual Report Aviation

Accident/Incident.
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AFRCC False Mission Records were used to (hands on review):

Identify the causes of ELT false Alarms. This information was used to compare
cause of false activations in Federal Aviation Administration (FAA) Service
Difficulty Reports and other independent reports containing data which could be

correlated.

C. Other Substantiating Reports

1.

Federal Aviadon Administration Service Difficulty Reports (SDR), in computer
format, were obtained from the Aviation Standards National Field Office in
Oklahoma City. These reports identify defects discovered during the process of
performing aircraft maintenance. They are forwarded to the FAA, on a
voluntary basis, by private industry aircraft mechanics/avionics personnel who
discover abnormal or repeat defects which they believe need corrective action
and desimination to the aviaton public. The data was compared to the AFRCC
causes of false alarms, the Alaskan Survey and the NTSB Reasons for Non-
Effectiveness in aircraft accidents.

The Canadian Feasibility Study of Potential Approaches to Upgrade Existing
Emergency Locator Transmitters was reviewed. The study contained a section
(Section 3) which identified ELT defects discovered by Canadian avionics
maintenance shops. This information was compared, by defect category, to the

U.S. FAA SDRs.

The ARINC Research Corporation, Final Report, Control of False Alarms,
October 1979, and the Crash Research Institute Study by David S. Hall
concerning false alarms, were compared to 1988 false alarm data obtained from
the AFRCC to determine whether or not the causes of false alarms had varied
since the late 1970's to 1988.

In 1989 the FAA conducted an ELT maintenance survey which field tested a
new method of determining whether or not an installed ELT was functioning in
accordance with published specifications. This determined the number of ELTs
that would not have operated in an accident because of an existing defect and
evaluated the effectiveness of new check-out procedures when accomplished by

private industry representatives.
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APPENDIX B

ELT Performance Specifications
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APPENDIX C
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This study has been prepared to validate the data base information used in the
NASA study titled "Current Emergency Locator Transmitter (ELT) Difficiencies
.and Potential Improvements Utilizing TSO-C91a ELTs" dated 2 July 1990.

It was prepared by ARC Professional Services Group (Mr. Bernard J. Trudell and
Mr. Ryland R. Dreibelbis) under Order Number DFTA03-950-00800.
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FEDERAL AVIATION ADMINISTRATION
ELT PERFORMANCE VALIDATION
STUDY
15 MAY 1990

I. PURPOSE

The purpose of this study was to validate the National Aeronautics and Space
Administration (NASA) analysis of Emergency Locator Beacon (ELT) performance in
aircraft accidents. The NASA analysis was derived from National Transportation Safety
Board (NTSB) computerized data files that contained information extracted from accident
reports completed by NTSB accident investigators. In order to insure that the computerized
data did not result in misleading information, the FAA requested a review of at least 100
NTSB Form 6120.4, Aircraft Accident/Incident Reports, to compare the information found
in the full report with the data contained in the computer data base.

II. APPROACH

The validation study was initiated with the review and analysis of ten (10) NTSB Form
6120.4 reports that contained a variety of ELT failure causes and crash outcomes related to
the occupants of the aircraft involved. These ten reports were used to verify the planned
approach that would be used for the validation study.

The selection of individual accident reports reviewed in each failure category was
determined by its percentage of the total number of failures in each category of the data
base examined. A minimum of two reports was selected for each category.

The examination of the NTSB Aviation Accident/Incident Report was accomplished by
a detailed review of blocks 16, (Narrative Statement of Facts, Conditions and
Circumstances Pertinent to the Accident/Incident), Blocks 67,68, 69 and 70 (Emergency
Locator Transmitter) and Block 213 (Injury Summary) of the basic document. Also, Block
56, (ELT - Reason for Noneffectiveness/Failure) of Supplement A, Supplement I, (Crash
Kinematics and Photo documentation) and Supplement M (Condition of Aircraft Occupants
at Rescue) were reviewed. In addition, the individual reports were scanned for special
entries concerning ELT performance.

An examination of the 19 reasons for ELT Noneffectiveness listed in Block 56 of

Supplement A, revealed that the reasons could be distributed to four general cause
categories that identify failure origins. The categories are Poor Design, Lack of
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Maintenance and Inspection, Beyond Specification and Undetermined. The categories are
defined as follows:

a. Poor Design: Poor design is defined as a failure due to inadequate design
specifications of the ELT or its installation.

b. Maintenance and Inspection: A maintenance and inspection failure is defined as
one in which the problem could have been identified and corrected with an
effective inspection and maintenance program.

c. Beyond Specification: A failure attributed to "beyond specification" is one in
which the TSO-C91 ELT's operational capability was exceeded.

d. Undetermined: This category was used whenever the information examined
was not specific enough to allow placement of the reason for failure into
categories a, b, or ¢ above.

The injury summary (Block 213 of the basic report) was reviewed to identify
survivable accidents and to validate the information contained in the NTSB computer data
runs that were used as source material for the NASA ELT analysis.

III. FINDINGS:

One hundred sixty-five reasons for ELT failure (some were double entry in the same
report) were identified in the 119 NTSB Aircraft Accident/Incident reports examined.The
primary reason for failure was selected for each case and distributed as shown in Table 1.

In 12 of the 19 reason categories minor differences existed between the computerized
NTSB data base and the information entered in the docket (NTSB Accident Report).

The most significant error in data entry was in number 10, Antenna
Broken/Disconnected. In this category the dockets reflected 10 more failures than the
NTSB data base. If this error rate exists throughout the entire data base then it is in error
by 53 percent, indicating a more serious problem than reflected in the data base.

The validation also disclosed that 26 (22%) of the 119 dockets revealed failures that
could have been detected by an effective inspection and maintenance program as opposed to

the 12 to 18% identified in the NASA study.

The other differences were considered minor, i.e., not more than three in each reason
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category. It was interesting to note, however, that in reason number 1, Operated
Effectively, the data base had three entries while the docket had no entries in this category.
These errors are probably due to data entry clerical errors.

The number of data entry errors detected in this study appears to be approximately 10
percent, which seems higher than would normally be expected.

TABLE 1
Number of Primary
Reasons for Failure
56. ELT - Reason (s) for Noneffectiveness/Failure from Docket
1. Operated Effectively 0
2. Insufficient "G" 15
3. Improper Installation 3
4. Battery Dead 5
5. Battery Corroded 1
6. Battery Installation Incorrect 2
7. Incorrect Battery 2
8 Fire Damage 22
9. Impact Damage 27
10. Antenna Broken/Disconnected 15
11. Water Submersion 7
12. Unit Not Armed 9
13. Shielded by Wreckage 1
14. Shielded by Terrain 2
15. Internal Failure 3
16. Test Satisfactory after Accident 1
17. Signal Direction Altered by Terrain 1
18. Packing Device Still Installed 1
19. Remote Switch Off 2
Total: 119

The second step of the validation process categorized each primary reason for
noneffectiveness/failure into one of four groups, e.g., Poor Design, Maintenance and
Inspection Deficiencies, Beyond Specification and Undetermined. The 119 primary
reasons for noneffectiveness were distributed within these four groups or categories as
shown in Table 2.
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TABLE 2

Cause Category Number of Reasons Percentage

Poor Design 29 24%
Maintenance & Inspection 26 22%
Beyond Specification 51 43%
Undetermined 13 1%
Totals 119 100%

Note: The definitions listed in paragraphs Il a, b, ¢ and d of this report were used to
determine the cause category distribution of each reason for noneffectiveness.

I'V. OBSERVATIONS and CONCLUSIONS:

The following observations were derived from examination of 120 NTSB Form
61204, Aircraft Accident/Incident Reports:

1. Although differences exist between the NTSB data base information and the
dockets in 12 of the 19 reasons for ELT noneffectiveness, the variations are
minor with the exception of one category. Inthe Antenna
Broken/Disconnected reason, (Number 10) the examination of the dockets
revealed that there were 10 more entries than in the data base. This
difference of 53 percent, if applied to the NASA predicted improvements
(Table 7 contained in the NASA Analysis of ELT Problems report), would
increase the overall expected improvement from 73 to 74 percent.

2. Animproved FAA maintenance and inspection program may be more
effective in lowering the ELT failure rate than projected by the NASA study.
This validation discovered that 22 percent of the ELT: failed to operate due
to pre-crash defects (discrepancies) while the NASA study reflects a 12 to
18 percent rate.

3. The docket study results were not significantly different to support alteration
of the TSO-C91a ELT benefits prediction.
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List of Attachments:
1. ELT Performance Validation Charts (24 pages)

2. NTSB Form 6120.4, Page 1, Block 16, Narrative Statement of Facts, Conditions and
Circumstances Pertinent to the Accident/Incident

3. NTSB Form 6120.4, Page 4, Blocks 67, 68, 69, and 70, Emergency Locator
Transmitter (ELT)

4. NTSB Form 6120.4, Page 9, Block 213, Injury Summary

5. NTSB Form 6120.4, Sup. A, Page 2, Block 56, ELT-Reason for
Noneffectiveness/Failure

6. NTSB Form 6120.4, Sup. M, Page 1, Block 12, Condition of Aircraft Occupants at
Rescue

7. NTSB Form 6120.4, Sup. I, Page 1, Crash Kinematics

8. NTSB Form 6120.4, Sup. S, Page 1, Aircraft Occupant and Injured Ground Personnel
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ATtACnient
DOT Report

1 NTSB Accident/Incident Number
National Transportation Safety Board

FACTUAL REPORT A
AVIATION 7 Acerden ]
; d I:cxdc:!m[ 21 !j :I:%elegated

4 Aircraft Registration Number S Flight Number 6 Aircraft Registration Number 7 Flight Number

For collision between
aircraft, enter reg. no.

A Other and fit. no. for other aircraft

A Other

8 Nearest Clty/Place 9 State 10 Zip Code (First S numbers only) 11 Accident Site Elevation

Feet MSL

12 Date of Accident (Nos. for M, D, ¥) | 13 Day of Week (First 2 letters) | 14 Local Time (24 hour clock) 15 Time Zone

16 Narrative Statement of Facts, Conditions and Circumstances Pertinent to the Accident/incident

Additional Persons Participating in this Accident/Incident |

tigation (Name, address, affiliation, Continue on page 2 if necessary)

: v

e A S

17 Date (Nos. for M. D, Y) | 18 Agency

19 Name/Signature

NTSB Form 6120.4 (Rev. 1-84)
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Attachment 3
DOT Report

46 Landing Gear (Muitiple entry)

National Transportation Satety Board

FACTUAL REPORT
AVIATION

271

NTSB Accid,

cimmt N .

" A5 i .
Registered Alrcraft Owner
Name

Il

1 Tricycle—lixed 4 Tailwheei—ail retractabie 7 Huil 10] | ski 13[ IHign Skia
2 Tricycte—retractable 5 Tallwheei—retractable mans a Float 1 i——l Skifwheel -
3 Tailwheel—all fixed 6 Amphibtan -] Emerg. float 12 r_—| Skid A Other
48 No. ot Seats 49 Stail Warning System | 50 IFR Equipped 51 Icing Cartification/Equipped 52 Engine Type
Instailed 1 Yes (Multiple entry) 1 {—'] Reciprocating—carburetcr
A Other 1 E Yes 2 No 1 Cartified ZE Reciprocating—{uel injectec
2 No A Other 2 Not Certified 3| Turpo prop
A Other 3 Equipped 4| - | Turbo jet
4 Not Equipped 5 ﬂ Turbo fan
A Other -] Turbo shaft A Other
if not 53 Engine Manufacturer 54 Engine Model and Series 55 Engine Rated Power 56 Number of Engines
Engine A Horsepower ———
powered.,
go to B Lbs. Thrust A Other
block 59 C Other
/3 or more E":";'“;'"' A Total Time B Time Since Inspection C Time Since Major D Other
engines
enter 57 Engine No. 1
times in o
Supp- C 58 Engine No. 2
$9 Type Maintenance Program 60 Type of Last inspection 61 Date Last Inspection | 62 Time Since inspection
1 Annual ' 1 Annual Pertormed Hours
2 Manufacturer's Inspection Program 2 100 hour (Nos. for M, D. Y) A Other
3 Other approved inspection pragram (AAIP) 3 AAIP
4 Continuous airworthiness 4 Continuous airworthiness A Other 83 Alrframe Total Time
A Cther A Other Hours
. A Other
84 Source of Maintenance Information 85 Hazardous Materiais | Emergency Locator | 1 2 A
y —— Tach 4 Logbooks Records on Alrcraft MELT\ Yes No Other
2| Fiight 5[ |Estimate 1 Jne 67 Installed
3 Hobbs ] PilovOperator Report A(Type)
— A Other B Other 63 Required
66 Hazardous Material Spill/Factor
1| | Yes €9 Operated
2_INo 70 Alded in location
A Other of accident site

73 Operator of Alrcraft 1{__iSame as registered owner
A Name:

B dba

C Other

74 Address

A

1| |Same as registered owner

B Other

75 Operator Certificate No.

A Other
76 Operator Designator Code

NTSB Form 6120.4 (Rev. 1-84)
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Attachment
DOT Report

4

National Transportation Safety Board

FACTUAL REPORT
AVIATION

NTSB Accident/Incident Number

Accident lnfohﬁ;(f&:;ﬁ.ﬁi ’

1 L None
! |Parvcomponent #1
[

| Part/component #2

-

<

3

A Other

1
2
E—

31

Part/component #1
! Parvcomponent #2

A Other

~ D e
200 Aircraft Damage 201 Aircratt Fire 202 Explosion 203 Damage to Property 6 Airport facility
1 | None 1 None 17t None 1!  iNone 7 ! Trees
2 Mingr 21 in-flight 21 in-tlight 2! iResidence 8| ICrops
3 Substantal 31 On ground 3 | On grouna 3! ' Residenual area 9 Fence
K Cestroyed A Cther A Ctner 4 Commerc:al bidg. 10 |wires/poles
Si !Venictel(s) i3 | Other property
204 Inyury Index  Most critical imury)
1 None 2 ‘Minor 3! i Serious 41 Fatal
Imyury Summary A B [of ] E
Enter oy one igit cer DIOCK) Fatat Serious’ Minor None Total 217 Classificat
N . ‘T 1
205_First Pilot | ; 1[ % 1{__1U.S. Registered Aircraft on U.S. Soil.
206 Co-piiot ‘ I Terntones and Possessions, of
207 Duai Student o ' | | International Waters
208 Checx Pilot | ! L 2| | U.S. Registered Aircratt on Forergn
209 Flight Engineer N f Pl Soil
210 Cabin Attendants S | 3| | U.S. Registerea Arrcraft operated by a
211 Cther Crew ' o } . Foreign Operator
212 Passengers ] | i | 41 gorlevgn Reg:sreredPAnrcraft on U.S.
o, t
213 TOTAL ABOARD : T { — ‘n em_ones or Possessions
- : 5 Military Aircraft
214 Other Aircraft | L | ;
- ‘ 61 | Aircraft not Registered
215 Other Ground | —_—
216 GRAND TOTAL
. Part Failured
220 Part Fadure/Maltunction (Muitipie entry) 221 Incorrect Part (Muitipie entry}
4| Parycomponent 43 None 4 | Part/component #3

A Part/Component #1

B Part/Component #2

C Part/Component #3

222 Part Name

223 ATA Code

224 Manufacturer

225 Mig. Part #

226 Mtg. Modet #
227 Serial 8

228 Pan Condition

229 Totat Time
230 TSO

231 TSI

232 Cycles Total

233 Cycles Since Overhaul
234 Cycies Since Inspection

235 Service Ditticuity Report or
MaitunctiornvDetfect Report
Submitted

1 Yes

[ S—

H Yes

—
2]
_—

236 Bogus Part

1 Yes

1 - Yes

2DNO

NTSB Form 6120.4 (Rev 1-84)
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Attachment 5
DOT Report

| NTSB Accident/Incident Number

National Transportation Satety Board

FACTUAL REPORT
AVIATION

Supplement A—Wreckage Documentation, Single and Twin Reciprocating Engine and Unpowered
Aircraft (continued)

Fuel on Board at Accident D Tank Construction F Soilsate Fittings H Fuel Leakage/Rupture
Fuel Tanks A Gallons| 8 Gallonsl c |1 Wet 2 3 E 1] 2 G 1 2 3 4 T
Estimated | Venfied | Other | Wing | Biadder Metal | Other | Yes | No | Other | None | Line Fitttng | Tank | Otner |
33 Left Wing
34 Right Wing
35 Left Tip
36 Right Tip
37 Fuseiage
38 i Specily)
41 Fuel Found In #1 Engine (Muitiple entry) 42 Fuel Found In #2 Engine (Multipie entry )
1 O None 7 [3 Fiter(s) 1 O None 7 O Fiter(s)
2 O Lines 8 [J seiector vaive 2 O Lines 8 [J selector valve
3 O Gascolator/strainer g [J Fuel manifold/spider 3 O Gascorator/strainer 9 O Fuet manifoid/spider
4 O cCarpuretor/fuet injector 10 O Accumulator tank 4 O carburetorstuel injector 10 O Accumuiator tanx
s O3 Engine driven pump s O3 Engine driven pump
6 [0 Aunxitiary fuel pump A Other s O Auxiliary fuel pump A Other
43 Flight Controis, 44 Airframe/Structure, Evidence of In-Flight Separation/Failure 45 Propetler, Evidence 46 Powerpiant, Evidence
Evidence or (Muitipie entry) of in-Flight of In-Flight Mechanical
Operationsl Failure. 1 OO None 7 O Rignt stab/elevator Separation/Failure Maitunction
or Maitunction » ] Helicopter (Compiste Supp. G) 8 [J vertical fin/rudder 10 Yes 1O ves
(Muitipte entry) 3 J General disintegration 9 O canara 20 No 20 no
1 0 None 4 [J Left wing 10 O Powerplant A Other A Other
2 O piten controt s [JRight wing 11 [ cabinseargo door
3 O Roul control & [J Lett stab/elevator A Other
4 [ vaw control I e Of Improper Grade or Contamination |48 Oli, Evidencs of improper Grade or Contamination
A Otner (Muitipie sntry) (Muitiple entry)
1 O None a [0 contamination 1 [0 None 3 O cContamination
2 D Improper grade A Other 2 D Improper grade A Other
51 ELT Manutacturer 52 ELT Modei No. 55 Preimpact ELT Location(s) (Muitipie entry)
1 O Cocxpit
A Other A Other 2 O cabin 5 [ Raft
53 ELT Battery Type 54 ELT Battery Expiration Date (Nos. for M. D. Y} 3 [ Tailcone 6 O Survival Kit
1 D Alkaline 4 O Nickel 4O Empennage A Other
2 O cagmium s OJ Lithwm A Other
3 [0 Nicad A Other
56 ELT-Reason for Nonefltectiveness/Failure (Muitipie entry)
1 [J Operated etfectively 6 [ Battery instatiation incorrect 11 O water submersion 16 [0 Test satisfactorily after accident
2 [ insutficient G's 7 O incorrect battery 12 O unit not armed 170 Signal direction aitered by terrain
3 O improper instaitation 8 0 Fire damage 13 [0 Shieiced by wreckage 18 ] Packing cevice still instalied
4 D Battery dead 9 D impact damage 14 D Shietded by terrain 19 D Remaote switch off
5 [J Battery corroded 10 [0 Antenna broken/disconnected 15 O internal failure A Other

Page :

NTSB Form 6120.4 Supplement A (1-84)
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Attachment 6
DOT Report

. NTSB Accident/incident Number
Nationai Transportation Safety Board

FACTUAL REPORT
AVIATION

Supplement |—Crash Kinematics

1 Accident Site Geographic Coordinates—Latitude (Muitipie entry) 2 Accident Site Geographic Coordinates—Longitude (Muitipie antry)

1 O Noen A deg minutes 10 gast A deg. minutes
2 0O soun B Other 2 [ west B Other
3 Impact Sequence— Numbper :n sequence Muitipie entry.
10  Nore 0O Grouna 13 0 Trees/imbs 12" diam and up 19 0 Runway light
20 Rock face 8 0 Dintbank 14 3 Frangible approacn aig 200  water
3 D Rigia structure Q [:] Scrub tree 15 D Non-frangibie approach ai@ 21 D Wire
<0 Rocksto 1 diam 10 0  Trees/limbs 10 6" diam. 16 [ Submerged obstacte 220 poe
s 0  Rocks 1-2 giam 11 0 Trees/imbs 679" diam 17 O venicle 230  snow bank
6§ 0" Rocks > 2 diam 120 Trees/imbs 9°-12" diam 18 O Aircratt A Other
4 Terrain at Principal Impact Point ( Muitipie entry)
1 O None 6 [J Packed snow 11 O Dry sod 16 J Rock
2 O wet cuttivated soil 7 O Loose snow 12 O wet sod 17 0 ice
30 Ory cultivated soil 8 (J Concrete 13 O water 18 O Mud
4 D Dry packed clay 9 0 Asphait 14 D Tundra 19 D Sand
5 [J Boggy swamoy 10 (3 Loose rock 5 E] o A Other
auna’»-r—-~«'~.qia' e e B p e V] M R
Principal impece Nioematios s/ .
5 Airspeed At impact (En!ef direct or mark estimated range) 6 Flight Path Angle [ Enter direct or mark estimated range}
13 o015 6 O 75-90 11 [ 210 pius knots 10 ue 6 [J 15-20 11 [ s0-90
20 1530 7 O 90-120 A Knots 2 O pown 7 3 20-25 A Degrees
3 [ 304s 8 [0 120-150 8 Other 300 8 O 25-30 B Other
4 [d 4560 9 [ 150-180 43510 9 O 3045
5[ s0-75 10 [J 180-210 s O 1015 10 O 4560
7 Pitch Attitude At Impact (Enter direct or mark estimated range.)
Nose Down Angie With Horizon Nose Up Angle With Horizon

Pitch Attitude

+ O own J £ 2 @d==s584 3 3 6

20 w Ons060 40 30 150 00 0 300 4503 00 750 of Other

T Y NS S S22 g P

o0 750 00 4503 300 5000 53 300 0 03 750 0O

8 Roll Attitude At Impact (Enter direct or mark estimated range.

Aircraft Rolled Left Aircraft Rolled Right
Roill
10 Len *‘\\*"'*’,"y B
N O o5 O 120 O 1235 O 150 O 165 O 1a0 O 185 O 1s0 O1as O 120 O 10s O of Other
9
A ———Deg k A A 4 F£ x> X X X %Y

w0070 00 aesO 0130 00150300 sTec07s00% O

NTSB Form 6120.4 Supplement | (1-84) Page.1
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Attachment 6 (Continued)
DOT Report

. . NTSB Accident/Incident Number
National Transportation Safety Board

FACTUAL REPORT
AVIATION

Supplement |—Crash Kinematics (continued)

9 Yaw Aftitude at Impact (Enter girect or mark esnmated range.)

1 O Nose teft or
2 O Nose nght Aircratt Yawed Left Aircraft Yawed Right
A Deg B Other
s 7500 s000 s 300 15000 150 300 450 60O s 0 90O
10 Terrain Angle 11 Principal impact Ground Scar Length | 12 Principal impact Ground Scar Depth {13 Fuseiage Tolaily Destroyed
1 O Level + [ None 1 O None 1 O ves (Go to biock 36)
A Up deg. A feet A inches 20 No
B Down deg. B Otner 8  Other A Other
C Other
14 Cockpit Damage (Multipie entry) 15 FWD Cabin Damage ( Muitipie entry} 16 AFT Cabin Damage (Multiple entry)
+ O Destroyed 5 O Burnt 1 [0 oestroyea 5 O Burnt 1 [0 Destroyed 5 [ Burnt
2 O collapsed 6 O intact 2 O coMapsed 6 [ 1ntact 2 O collapsed s [ intact
3 O Part coliapsed 7 O None 3 [ Part collapsed 7 O Nore 3 [J Part collapsed 7 O None
1 [0 Distorted A Other 4 [0 pistorea A Other 4 [ Distorted A Other
77 Fuselage Spiit 18 Fuseiage Split Behind Seat # 19 Fuseiage Collapse (Estimated) 20 Fuseiage Crush
1 O No rGo to biock 19) 1 [ nNore 1 [ None
2 O Longitudinat A Other A Horizontal inches A Horizontai inches
3 O circumferential * 8 vertical inches B Verical inches
C Other C Other

Exit Type Gf Exit Operable Fire DEamage impact Damage
Loci.on 1 2 3 B 1 2 D 1 2 F 1 2 H
Door window | Hatch | Other Yes No Other Yes No Other Yes No Other
21 Cockpit-Left
22 Cockpit Right
p«] it
24 1R
25 2L
26 2R N
27 3L
28 3R
29 4L
30 4R
3 5L
32 SR
3 6L
34 6R

Page 2

NTSB Form 6120.4 Supplement | (1-84)
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Attachment 7
DOT Report

National Transportation Safety Board NTSB Accident/Incident Number

FACTUAL REPORT

AVIATION

Supplement M—Search/Rescue/Firefighting/Medical Treatment

1 [0 None Conducted (Go to block 16)

Search and Rescue:
2 Type ot Search Conducted ( Muitiple eniry) 4 Search Agency Notified
10O ar 3 sea A (Nos for M. D.Y)
2 O Ground a O intormai B Local time
A Other C Other
5 Aircratt/Occupants Located 7 Civil Air Patrol Involved in Search 8 Military or Coast Guard Personnel Invoived
A {Nos. for M. D, ¥) 1O ves 1+ [0 ves
8 Local ime 20 No 20 No
C Otner A Other A Other

9 Distress Call Transmitted
(Multiple entry)

1 O None transmitted

2 {3 prior 1o accident

3 O atter mpacvaccident
A Cther

10 Distress Call Recewved
fMuitipie entry | 1 D ELT
1 O None receivea 2 O HF radio

3 O vHF radio
4 D UHF radio

2 O Prior to accident
3 D After impact/accident
A Other

11 Method of Locating Accident Site (Multipie entry)

5 O visual sighting of wreckage
6 O visual sighting of occupants

7 O visual sighting of signal/
smoke/tire

8 O sAR satelite

9 [0 atcC computer generated

A Other

12 Condition of Aircraft Occupants at
1 O Located alive
2 [ Located deceased,

Rescue [Muitioie entry)

6 [J Able to assist with locating
7 D Left scene-successfully located

13 Weather Conditions—indicate
Most Severe Temperatlure/Wind
Chilt Condition During Search

A Temperature > F
3 [0 Located anve-died later 8 [ Left scene-unsuccesstul in finding aid pe .
O Died ting rescue ) B8 Wind/chill factor __ ° F
4 1ed awaiting res 9 [ Lett scene-unsuccesstul in finding aid—died iater C Other
5 O Located alve-trapped A Other e
Fire Fighting 16 [0 None Conducted (Go to block 31
17 Firefighting Unit Notitied | 18 First Firefighting Unit 19 Firefighting Units 20 ﬁzﬁghling Units Assisted |21 Fire Extinguished
{Nos. for M. D. Y) Arrived Responding Evacuation Local time
A Local time (Multiple entry) 1 O ves
1gd Airport 20 no A Other
8 L.ocal time A Qther 2 D Municipal A Other
C Other 3 0O mintary
A Other
. A Avallable C Used
Firefighting Agents 1 Yes 2 No B Other 1 Yes 2 No D Other
22 Protein Foam
23 Dry Chemical
24 Carbon Dioxide
25 AFFF (Lite Water)
26 Water
26 (Specity)
NTSB Form 6120.4 Supplement M 1-a4 Page !
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Attachment 8
DOT Report

NTSB Accident/Incident Number

National Transportation Safety Board

FACTUAL REPORT
AVIATION =

SuppknnentS——Ancraﬂ Occupant and Injured Ground Personnel

c E H Degree of Injury

- Address D E Non- rl 3 3
A Name No. (City & State} Crew | Passenger | Occupant | FAA Fatal Senous Minor None

10

"

12

13

14

15 -

16

17

18

19

20

21

22

23

NTSB Form 6120.4 Supplement S (1-84) Page 1
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ATTACHMENTS

Excerpt from the House of Representatives, 1st Session, Report 99-212.
Department of Housing and Urban Development Independent Agencies
Appropriation Bill, 1986, Page 44.

NTSB form 6120.4, Sup. A, Page 1, Block 56, ELT Reason for
Noneffectiveness/Failure.

FAA ELT Field Test Procedure/Data Sheet.

Alaskan ELT Survey, Letter from Alaskan Region FAA Office to HQ ARRS,
Scott AFB, Illinois, dated December 30, 1987.

89



Al WAL

15 Gession || 'HOUSE OF REPRESENTATIVES |  99-21

Attachment 1

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT-
INDEPENDENT AGENCIES APPROPRIATION BILL, 1986

Jury 18, 1985.—Committed to the Committee of the Whole House on the State of
the Union and ordered to be printed

Mr. BoraND, from the Committee on Appropriations,
submitted the following

REPORT

[To accompany H.R. 3038]

The Committee on Appropriations-submits the following report
in explanation of the accompanying bill making appropriations for
the Department of Housing and Urban -Development, and for
sundry independent agencies, boards, commissions; corporations,
and offices for the fiscal year ending September 30, 1986, and for
other purposes.

INDEX TO BILL AND REPORT
Page number
Bill  Report
Title I—Department of Housing and Urban Development ....oeeeeeecscnseses 2 4
Title I—Independent Agencies:

. American Battle Monuments Commission 13 19
Consumer Product Safety Commission. 14 19
Cemeterial Expenses, AITY .. rsmsesscsesssienssmanases 15 21
Environmental Protection Agency ........ . . 15 21
Council on Environmental QUAality «.cocmrsissirecmcmsmmmessssaeriacens 17 29

_ Office of Science and Technology Policy .ooeveveeeienee . 17 30
Federal Emergency Management AGeNCY w..ommressrescuseereen: . 18 30
Consumer Information Center ... rcncinssnnne. 23 40
Office of Consumer Affairs reerereneneas - 24 41
National Aeronautics and Space Administration.....ceecerccereenceceress 24 41
National Credit Union Administration. e 27 47
National Science Foundation. ..o sseneeees 28 47
Neighborhood Reinvestment COrPOration uureeueeresersreirioceminnserasnimsssanses 31 51
Selective SErvice SYSTEM i seureiniimmss st 31 51
Department of the TIrEASUTY i 32 52
Veterans Adrministration. e 32 53

50-177 O

90



In connection with the ongoing search and rescue program, the
Committee is pleased that NASA has progressed to an operational
status and supports the continued carriage of search and rescue in-
struments on National Oceanographic and Atmospheric Adminis-
tration polar orbiting weather satellites. The Committee also
strongly supports the NASA concept of a backup satellite carrying
search and rescue instruments which was described in hearings on
the 1986 appropriation. This satellite would ensure that the United
States’ commitments to the international search and rescue pro-
gram could be met even if an early failure of the NOAA satellite or
a search and rescue instrument occurred. It is understood that a
study is underway to examine the feasibility and cost of a backup
satellite, and the Committee requests that NASA provide a copy of
the study when it is completed. Further, the Agency is urged to
proceed with the development of this satellite as soon as possible so
that United States’ international commitments can be met.

The Committee also recognizes and supports the continuing
NASA effort to provide for system improvements such as the devel-
opment of new distress transmitters, specifically designed for satel-
lite detection, global coverage, and the possibility of instantaneous
cetection using geosyncronous satellites. It is hoped that this work
will proceed as rapidly as technology will permit.

Finally, the Committee strongly urges that some improvements
to the presently deployed emergency locator transmitters should be
addressed. It is not satisfactory that units with a false alarm rate
of over 97 percent and a non-activation rate of 70 percent continue
to be mandated by the Federal government when an improved
technical standard has been developed and can be provided for re-
spective satellite monitoring. It is recognized that NASA cannot
initiate the necessary administrative action to mandate improved
transmitters, but as the developer of the satellite system, NASA
should urge the Federal Aviation Administration to proceed and
should make available technical expertise to support any FAA ini-
tiative in this area.

SPACE FLIGHT CONTROL AND DATA COMMUNICATIONS
1985 APPTOPIIALION c.coiueieerecmrmee e eerencreers et e it smese s s sesessimsme e seseeemesesmeen $3,601,800,000
3,509,900,000

EStIMate, 1986 ..o aee e aes s enseass s st s emee e e sene s e
3,402,900,000
—107,000,000

The space flight control and data communications account in-
cludes the program elements that provide for the national fleet of
space shuttle orbiters, including main engines, launch site and mis-
sion operations, control requirements, initial spares, production
tooling, and related supporting activities. This account also pro-
vides the standard operational support services for the space shut-
tle and the expendable launch vehicles, and includes tracking, te-
lemetry, command, and data acquisition support required to meet
all NASA flight projects.

The Committee recommends a total of $3,402,900,000 for this ac-
tivity in fiscal year 1986. This is a decrease of $107,000,000 below
the budget request and is $198,900,000 belcw the 1685 aporsnria-
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Attachment 2

National Transportation Safety Board

FACTUAL REPORT
AVIATION

Suppiement A—Wreckage Documentation, Single and Twin Reciprocating Engine and Unpowered

Aircraft (continued)

NTSB Accident/ Incident Number

3 [O Gascoator/strainer
4 O carburetorstuet injector
53 Engine adriven pump

Fuel on Boarg at Accigent D Tank Construction F Soilisafe Fittings H Fuel Leakage/Rupture
Fuel Tanks A Gallons| B Gallons] c |1 wet 2 3 E 1] 2 G 1 l 2 3 4 i
Estmated | Ventied | Otner | Wing | Bladder | Metai | Other | Yes | No | Other | None Line Fittng | Tank | Other

33 Left Wing 1
34 Right Wing
35 Left Tip '
36 Right Tip ’
37 Fuselage ‘

. |
38 (Specity) ‘
41 Fuel Found in #1 Engine (Multipie entry ) 42 Fuel Found In #2 Engine (Muitipie entry)

1 O None 7 O Finterts) 1+ O None 7 3 Firents

2 O3 Lines 8 [ Selector vaive 2 O Lines 8 {J selector vaive

g [J Fuel mamfoid/spider
10 [d Accumulator tank

3 [J Gascolatorsstrainer
& [0 carburetor/tuel injector
50 Engine driven pump
s J Auxiliary fuel pump

9 O Fuel manitoi/spider
10 O Accumuiator tank

A Other

s 0 Auxiliary fuei pump A Other
43 Flight Controls, 44 Air /Structure, Evi of in-Flight Separation/Failure 45 Propelier, Evidence 46 Powerplant, Evidence
Evidence or {Muitipie entry) of in-Flight ot In-Flight Mechanicat
Operational Failure 1 [J None 7 O Rignt stab/elevator Separation/Fsilure Maifunction
°;"',““"°”°“ 2 [] Heticopter (Compiete Supp. G) 8 [ verucal fin/ruader 1 O ves 10 ves
(Muitipie entry) 3 [J General disintegration 9 00 canara 20 No 20 o
1 0 None 4 [J Left wing 10 [ Powerpiant A Other A Other
2 O Ppiten contro 5 DRight wing 10O Cabin/cargo door
3 O Rot control & [ Left stab/eievator A Other
4 O vaw control 47 Fuel, Evidence ot Improper Grade or Contamination |48 Oll, Evid of Improper Grade or Contamination
A Other (Muttipie entry) (Multiple sntry)
1 O None 3 O contamination 1 O None 3 [ contamination

A Other

Boa - R

20 improper grade

2 O tmeroper grade

A Other

55 Preimpact ELT Location(s) ( Multiple entry)

51 ELT Manutactucer 52 ELT Model No.
1 O Cockpit
A Other A Other 2 O cabin 5 {1 Ratt
53 ELT Battery Type 54 ELT Battery Expiration Date (Nos. for M, D. Y) 3 O Taiicone 6 [ Survival Kit
1 £ Alkatine 4 [ Nickel 40 Empennage A Other
2 O cadmium 5 O Lithium A Other
3 O Nicad A Other

56 ELT-Reason tor Noneffectiveness/Failure (Multipie entry)

11 D Water submersion

16 O Test satistactorily after accident

1 Od Operated effectively
2 O tnsutficient G's
30 Improper instaliation
«d Battery dead

s 0 Battery corroded

6 O Battery installation incorrect
7 D Incorrect battery

8 3 Fire damage

9 [0 impact camage

10 {0 Antenna broken/disconnected

12 O unit not armed

13 O shielded by wreckage
12 3 shielced by terrain

15 O internal faiiure

170 Signal direction aitered by terrain
18 0 Packing device stll installed

19 [J Remote switch oft

A Other

NTSB Form 6120.4 Supplement A (1-34)
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Attachment 3

ELT FIZLD TEST PRCCEDURI/DATA SHEET

1. Ts the ELT mounted rigidly in all axes and in the direction for
crash activation? YIS ., NO

Describe mountinag:

2. Determine the position(s) of the ELT switch and remote switch,

if installed. Remove the ELT from the aircraft. Switch(es) should
be in the off position before removing.
ELT SWITCH: ON , OFF . ARMED , OTHER

lolad= 8

REMOTE SWITCH: ON ___, OFF ____, ARMED , CTHER

3. Perform a functional check by activating the ELT with a quick rap
from the palm of the hand in the direction of force activation.
(The E3C 302 and TSC-C9la ELT's can be activated by using a forward

throwing mection coupled by a rapid reversing action. The ARNAV
ELT-100 alsc requires jumpiag pins Nos. S5 & 8§) . Turn off the ELT

as soon as the ELT's signal is verified by any convenient means:

CK , Not CK

4. Inspect the mounting, the ELT, and disassembled battery pack feor
corrcsion, defects, etc. Photograph the best view(s) of the ELT

and battery pack. CK , Not CK

5. Connect the reassembled ELT tec a wattmeter. Wrap the E=LT and
connections in aluminum foil to minimize the emissicn of spurious
RF enmergy. Activate the ELT for three minutes and record power
output: Start mw Finish mw - This should

be greater than 75mw (50mw for TSO-C%la).

6. After removing foil, secure the ELT to the G-switch go/no go test
fixture. Perform the G-switch test with the ELT armed; the point
of activation is verified by use of the wattmeter or any other
convenient means (see operating instructions).

ACTIVATED WITHIN LIMITS: YES . NO
IF NO: TRAVEL ABCVE/BELCW HIGH LOW LIMIT SWITCH IN.

Note: Operation of the test fixture (cannot be used for TSO-C9%1la)
requires some set-up technique and should be demonstrated to

personnel who are using it for the first time.
OK , Net OK

7. Inspect antennals)., wire terminals, etc:

8. Reinstall the ELT. Turn on the ELT (use remote switch if
installed) and determine if the antenna(s) radiates a strong
signal. The signal can be heard through an AM broadcast receiver
(any frequency) held about 6 inches away from the antenna(s). A
field strength meter may also be used to measure a radiated field
of a least 1 volt/meter or equivalent.

QK , Not OK

g, Raset the ZLT: CK
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ELT FIELD TEST PROCEDURE/DATA SEEET

Location

Date
Perscon performing the test

AIRPLANE
Manufacturer

Mcdel #

Reg #

Inspection Program
Last Insp Date
OCps/hrs Last Iasp

ANTENNA
Location
Manufacturer
Mcdel #

Ser #

Part #

TSO #

ELT
Location

Manufacturer ATTACHE
Weight PEOTO(S)
Model. # ' HERE
Ser #

Part #

TSO #
Installation Date

BATTERY PACK
‘Manufacturer
Model#

Ser #

Part #

TSO #

Expiration Date
Installation Date

REMOTE SWITCH, if installed

COMMENTS /RECOMMENDATIONS /DESCRIPTION OF ITEMS NOT OK
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Enclosurs (7) Attachm 4
. ent

578

gs;.,m Alasxan Region P03

=K 4310 9. ‘le AlsPeTt ad, fu:
Fecsral Jwiction iscasrags. Alassa $9302-1023
AcTamstration

Decsmber 30, 1987

Colonel Robers Michaelson
Headquar=srs ARRS
Scsece AF3, I 2225-3009

Jear Colonel Michaelsom:

As ser conversation wizh Garv 3ennet: of Norzherm Lights Avionics, I am
enclosiag the ZLI check results collsczed throughout 1987, I've also
iaclided some FCZ and NIS3 daca that mighz be of assistaace.

T would also adwvise that you c3antacs Phillip J. Akars, Eagizesrizg
Division=-dizcraft Cartificaclon, TAA-DOT, AWS-120, 300 Iadependence Avenue
I have been providing Mr. Akers The same

Sw, Washiagrom D.C. 20591,
srmation for possible preparacion of notice of proposed rulemaking

concerzing testing standards for ELI's. Our program in Alaska apparently
has caused a loc of comcarn and inrerest from all angles, and it would be

pore significant if all simlarly concerned parzies could unite theirs

efforts.

pR.34

Please let me know whac I can do €2 furzher assist you.

Sizcerely,

’

— [-
-
e N
[P

Valerie Aron
Accident Prevention Specialist

Eaclosures

CC: Philip J. Akarss
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G,

0,

MAKZ/MCDEL RESTLTS S/ DATT
ELI TIZST RESTLTS
NARCD oK 4/4/37
POINTZIR DE4> 3ATTIRY 4/4/87
NA2CO 3ATTI2IIS NCT HCOKID UP 4/4/37
£3C 102 1963 3aTTIRY 45/
£3C 1024 IPIZES 1/1/87 45/ 87
POINTIR NO "G" aCT 4/5/3-
NARCD EL7-10 INCP-SENT TC FACTIRY 50982
POINTZIR 3000 CaUSZS INTIRFIRENCI IN RADIOS/RETURNED=-FACTORY 326264
LARAGO DEAZ 3ATTZRIZS T4l
SHARC-7 DEA2 3ATTIRIZS 14083
POINTIR C-4000 DEAD BATTIRIZ 401390
SHARC-7 DEAZ 3ATTZRIZS 143922
POINTZ2 3000 CAUSZS INTZIRFIRENCI/CUSTOMER DISCONNECTZID ANT &
USZ2 ?S2SONAL EZLT _
POINTZR 3000 CAUSES INTZIFEZRENCI/SENT TO FACTORY 326252
P20INTER 3000 CAUSES INTEZIIFZIRENCI/SENT TO FACTORY 322096
I3II-2 INOP/SENT TO FACTORY 25455
DM ZLT 1=3 CCRRECTED-"G" SWITCI BROKIN/ ANTINNA MOUNT LOOSZ/
SWITCH WON'T STAY ON
CERCMALLOY LOW POWE2/ DOWNSWEI® WRCNG 2ATT/ POSSI3L:T LOW
BATT./ UNABLZ TO MEASGRE DUE TO DESIGYN
E3C 1024 DEAD 3ATTZRIZS (6 MONTHS LEFT)
E3C 1024 DEAD 3ATTERIZS/ BATTERY EXPIRED 10 YEARS AGO
MARTECE BATTZRY CONNECTION LOOSE/ PLUG FELL OFF WHEN
TOUCHED/ PINS ON BATTERY SMASHED OPSEN AND NOT
GRASPTING CONNECTOR
DM ZiT-$ LOW 20OWER/3ATTIRIZS WEAK/WOULD N¥OT COME UP TO
YCLTAGE
NARCD ELT-10 INOP
SHARC-7 "G" SWITCH INOP/ UNIT CORRODED
SHARC-7 UNIT IN OFF P0SITION IN AIRCRAFT/ CHECZED OK
NARCO ELT-10 INOP/3ATTZRY DEAD § OUT OF DATE 10918
MARTECHE EB-28LD BAD SWITC3 660095 6/24/87
LARAGO NO SWEZP/POWER 1/2/ BATTERY OK/SENT TO FACTORY 7167 6/24/87
NARCO T-TZIMINAL LOOSE/ PC BOARD CORRODED 48180 6/24/87
DM ELT INOP/ BATTERIIS EXPIRED UNIT ACTS IN AUTO/ TRASHED 9079 8/13/87
£3C-102 WON'T TURN ON/SENT TO FACTORY 64432
DM INOP/3ATTERIZS OK/ TRASHED 33637 s/11/87
POINTZR BATTIRIZS OK/POWER 70 mW/CUSTOMER SEND TO FACTORY 307737 7/27/87
DM 'G' SWITCH RATTLING AROUND/CENTER PIN COAX STILL
IN FEIMALS 499 7/1/87
COM. COMPONENTS WAYS ON/SENT TO FACTORY 4709 7/2/87
POINTZR 3000 COMPLITELY RUSTED/THROW AWAY 313949 7/7/87
SHARC=7 NO "G" ACTION/"G" SWITCH LOOSZ/POWER LOW 153857
LARAGO DIDN'T GO OFF IN ACCIDENT/LEADS CORRODED OFF/
REPAIRTD AND REPLACED BATTERY 2847 7/15/87
CIR~-10-30 NO QUTPUT/INCP/TRASHEID NSN 7/17/87
RZISCUZ 88 INTIRMITTINT INOP/WAS FOUND CN ANNLAL 75C8263 7/20/87
PCINTIR 3000 INCP/TIXZZ X-MITTIXR/3A3 FINAL 320175 7/27/37
LOTATE IS
97 L0 QUALITY




g

0

wAX= /MODEL RESULTS $/N DATS
LARAGO INOP/TRASHED 7860 8/7/87
LARAGO INCP/TRASHED 8/7/87
POINTZ INOP/SENT TU TACTIRY 123378 8/7/87
SHARC =7 RE2TACI2 3aTTTRIZS & CEECK FREQUENCY/BATTS DEAD 145133

20INTIR 3000 INOP/3AD CIRCJYIT 0SC TRAN/COAX END MISSING 322509 s/11/237
DART 3ATTIRY ZXPLODES/TRASEED 36913 ’
LILI=100S—AF 3AD 3aTTZ2IZS 9283 s/27/87
POINTEIR 4000 34D CIICUIT/0SC TRANSISTER 2E?LACED 405331 5/25/3}
z3C 1024 TNOP/SENT TG FACTORI 30332

CuROMALLOY ACR/  3aTTIRY INCP 8/1/87
2C3-101

z3c lo0z2¢ NG TEI3T PCSITION 10660 6/3/87
DaRT II CORRCDES/INOP/TRASHED 1768 5/a/3"
NARCO=-ELT=-10 TNCP/SENT TO FACTORY 10985 6/10/87
NARCO=-2LZ~10 3ATTIRY SEAD/CORRCSION/CLIANED & RE?PLACID JATTZAY 48180 8/14/87
CoM. COMPONENTS 2NCP,/TRASEED 1222

SEARC-7 -4C?/3ATTERYE304RD CORRODED/DATE STILL OK 143927 6/19/87
20INTZ INOP/3aTTERY GJ0D/3AD 0SC TRANX 316079 6/23/87
SHARC-7 INOP/3ATTERY CORRODED/!L YEAR LEFT 1566 5/23/87
SEARC-7 NeP 135412 6/ 24/87
SHARC=7 INOP/3AD 30ARD 134869 9/11/87
DM ZLI-9 TNOP/SENT TO FACTORY 1216 9/13/87
20INTER INCP/3ATTIRY DEAD, FINAL SHORTID/REPLACID 302 31372 3/18/87
cIz-I1-2 TNOP/SENT TC FACTORZ 20183 9/18/87
POLNTZR INOP/3aD 0SC ~2ANSMITTER/3AD 3ATTIRI 319272 9/23/87
POINTER 340 TINAL/NO BOWZR OUT/REPLACED FINAL 3115479 3/28/87
P0INTZR LoW OUTPUT/INTEZRFIIENCT 4IT3 UHF/SENT TO FACTORY 317278 10/29/87
20INTER LCW OUTPUT/INTEIFIRENCZ WIT3 UHF/SENT TO FACTORY 316336 10/16/87
cIR-11-2 INOP/CORBODED/ TRASAED 20383 9/14/379
POINTER 3aD DRIVER/3AD FINAL/REPLACZD B30THE 322456 10/2/87
NARCI-ELT-10 RUSTID OUT/INCP/TIROWN AMAY $1554

NARCI-ZLI-10 ACTTVATED ALL THE TIME 36509

NARCO-ELI-1O0 0sC INOp/SZYT 0 FACTORY 60271 10/27/87
Z3C 102a oK 10/28/87
NARCO-ELT-10 340 ON/OFF/BATIZRY 100-40/0K 56711 10/28/87
£3¢ 102 WORKS FINE/OUT OF DAIZ $6467G 10/28/87
JARCO-ELT-10 11656 1) 4 10/28/87
LARAGO ELEC oK 7391 10/28/87
£3C 102a oK 1263 10/28/87
E3C 1024 BATTERY OUT OF DAIZ 10/28/87
E3C 102a oK 62077G3 10/28/87
NARCO-ELT-10 BATTERY DATT OK/VOLTAGE 6v 56711 10/28/87
£3C 102 SEITIMBER 3ATTERY/OPERATIONAL 544674 10/28/87
I3C 1024 BATTZRY OUT OF DATZ N/A 10/28/87
SHARC-7 oK 5687 11/3/87
SRARC-7 OK/BATTERY EXPIRED 9/87 166982 11/3/87
E3C 1024 oK 6845 11/3/87
E3C 1024 0K 6854 11/3/87
POINTER 3000 INOP 318494 11/4/87
uiRTZCH EB-23CD EAGLE-3ATTERY OUT OF DATZ/USED AS PERSONAL ELT 13775 11/4/87
£3C 1024 oK 11/4/87
£3C 102 0K 11/5/87
z3¢ 102 ga=TI7 OUT OF DATZ N/A 11/05/87
$2C 102 3a=—z2Y OUT OF DATE N/A 11/5/87
z2C 102 0%/ 3aTTI2Y OLT CF DATE 11/5/87
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MAKZ /MODEL RESTLIS S/ DATE
E3C l02a OK/BATTEZRY QUT OF DAT= 11/5/87
£3C 10 OK/3ATTZRY ZIPIRES NOVEMBER 87 11/5/87
SEARC-7 oK 5697 11/8/37
NARCO-ZLI-10 G-SWITCY INCP/BAITTIRY OUT OF DATE 53554 11/10/37
SEARC-7 BATTIRY OUT OF DATE/WHITZ POWDERE?C BOARD GREZY 161166 11/10/87
SHARC-7 G-SWITCZ INT 127109 11/12/87
NARCS-ELT-10 NO Ta3 ON IXT ANT COAX 72584 1i/12/87
NARCO-ZLI-1C BATTERY QUT QF DATZ/NO TOP ON ClAX 20468 11/12/87
NARC3-ZLT-10 QFF FREQUENCY 6-7 MHZ ¢12028 11/18/3°
POINTZR 3000 BATTEIRY VCLZAGE 7.8/DROPS IO 3-3V DC/LOW POWER 325209 11/18/3:
/M ZLT U MCD 2002 48904 11/18/37
J/M ZLT -3 75mw/PWR LOW/THIS UNIT USES FLASALIGHT 3ATTERIZS

NC 2aZZ 1120 11/18/37
Z3C 1024 BATTZRY OUT OF DAZZ/XMITTER OFF IQKC/REZL. BATT

NOTIFIED CUSTCMER 518s1 l./21/87
Z3C 102a 3ATTERY QOUT OF DATZ/REPLACID 3ATTERY 11/27/87
LaRGO iQ0s INQP/CHECKED/3ATTERY DEAD/REPLACZD 3ATTERY 862 11/27/87
NARCO-ZLT=-10 BATTERY CONNECTION INT 21447 1271787
NAHCO-ZLI-10 MOD 1503 10351 IFOVE-N
NARCO=-ZLI-10 INOP/BATTERY DEAD/2. MONTHES QUT OF DATE/REPL./0K 34966 12/7/87
POINTER 3000 INOP/BATTERY DEAD/REPLACED/BATT DATE WAS STILL 0K 319391 12/8/87
SHARC =7 GOES OF INT/SOMECNE INSTALLED 4 POINTZR G-3WITCH

GLUE BROKE LOOSE/THRCW QUT 19242 12/711/37
SEARC-7 INCP/1975 BATTERY/REPLACID BATTZRY 7733 12/28/37
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